The dierence in yields between long-term and short-term securities has been used both as a business cycle leading indicator and a s a n i n d icator of the current i m pact of monetary policy. This paper tests for an asymmetry, i n the form of a threshold eect, such that the impact of the yield spread on output i s g r eat e r o n o n e s i de of the threshold than the other. The test allows for an unknown threshold, a n d t h e a s ymptotic distribution of the resulting s tatistic is obtained by the method of Hansen (1996) . We test using data from each of the G-7 countries, and nd that, while the yield spread does generally show a s ignicant link with output, only in the U.S. and Canada is there strong evidence of an asymmetry of this t ype. The evidence of asymmetry that we nd suggests a high value of the threshold in both the U.S. a n d C anada.
Introduction
There has been a good deal of recent i n terest in the link between yield spreads a n d aggregate economic activity, f o r several related reasons. First, the yield spread, specically the dierence in yields b e t ween long-term and s hort-term i n terest-bearing securities, has been found to be one of the most useful business cycle leading indicators; see, e.g. Estrella and Hardouvelis (1991), Bernanke and Blinder (1992) , Cozier and Tkacz (1994), Lahiri and Wang (1996) . Second, there i s a p o p u lar argument (espoused by Laurent 1988, for example) to the eect that the interest rate spread acts as a n i ndicator of the direction of monetary p o licy. T o the extent t h at this is true, the v alue of the s pread in serving a s a leading indicator of aggregate activity could be the result of its value i n s ummarizing the current impact of monetary policy, which aects aggregate output i n t h e future.
A third i m portant point is that the yield spread (or slope of the yield curve) is a variable that can be observed immediately, a n d with virtually no measurement e r ror or approximation error arising from the use o f a n i n dex, which distinguishes it from many other indicators and is one possible explanation for its empirical usefulness as a business cycle indicator.
The p r esent paper examines this yield spread{output link, and in particular the possible existence of asymmetries in the relationship. The examination of asymmetries is suggested by, and in part d erives its importance from, the frequently-reported nding o f asymmetries in derived measures of current m onetary policy or money supply c hanges, such as those of Cover (1992) , Morgan (1993) and Karras (1996) . At the same time, this paper uses data from the entire G-7 group of countries, rather than the U.S. alone. 1 1 Karras also pursues this s trategy in examining asymmetries in d erived measures of money supply shocks, but aggregates the d ata across a s ample of European countries rather than 1 Asymmetry, if present, implies that t h e information content of the spread cannot be fully exploited in a linear model. Less formally, the existence of asymmetry here, as in other contexts where policy can aect events, would imply that we s h ould anticipate greater proportionate impacts for some values than for others; policy actions and forecasts should be adapted accordingly.
To test whether the yield spread has an asymmetric impact on output, we test for a threshold eect in the relation. We d o s o b y t r eating as unknown the threshold beyond which the eect of the yield spread becomes greater (or smaller); evidence of a threshold eect is evidence in f a vour of asymmetry (or of some other non-linearity w h ich can be approximated in this way). We u s e the test proposed by Hansen (1996) , which allows testing for a threshold eect without a priori knowledge of the threshold value. Treating the threshold a s u nknown has the advantage that it allows us t o c o nsider the likelihood of asymmetry contingent u p o n a n umber of dierent threshold points, and also requires us to use a test which explicitly accounts for the fact that the c hoice of threshold i s b a sed on the likelihood. Earlier test procedures that implicitly o r e x p licitly use threshold values that maximize the likelihood of nding asymmetry i n validate the nominal distributions u s ed for inference; we will return to this point below. Moreover, b y leading us to consider a set of possible thresholds, this method gives us a more general overview of the usefulness o f the asymmetry hypothesis in describing the relation between yield spreads and o u tput.
In examining the relationship in this way, w e nd a distinction between North American and non-North-American data. This suggests the possibility that the transmission mechanisms in dierent d eveloped countries may b e s u bstantially dierent, and t h erefore that it m i ght be fruitful to attempt to understand t h e r easons for apparent dierences in examining individual country eects. the form (as well as the strength) of this mechanism across countries. W e also oer a few conjectures about these dierences.
The next section discusses in more detail the use of the yield spread, or slope of the yield curve, as a leading indicator, and as an indicator of monetary policy. Section 3 presents the data and m odels. The threshold tests are reported in Section 4, while Section 5 concludes.
2. The yield spread as current a n d l e a d ing indicator
Economists have been interested in business cycle indicators since at least the seminal work of Mitchell and Burns (1938) . A good indicator is valuable to policy-makers primarily in helping to reduce the policy recognition l ag, and i s p a r ticularly important w h ere aggregate output is concerned, given both the time r equired for initial GDP estimates to be released, and the fact that revisions to the initial estimates are often substantial.
A g ood indicator should be, among other things, timely and p recisely measured. The yield spread meets both of these requirements very w ell, being available immediately, d aily, and being virtually free of the measurement errors w h ich p l ague many m a croeconomic data series. Moreover, although the yield spread was not examined in the early NBER work on indicators, a number of recent s tudies have concluded that it is one of the better business cycle indicators a vailable, and it has been successfully used to predict output growth in the U.S. and other countries. This is the nding of Stock a nd Watson (1989) and E s trella and Hardouvelis (1991) for the U.S., Cozier and Tkacz (1994) for Canada and Harvey (1991) for the G-7 countries. In most cases these authors n d that the yield spread leads output g r owth by about eighteen months, and that it o u t-performs a n umber of competing indicators such a s m onetary aggregates and stock indexes.
One hypothesis often suggested to explain t h e v alue of the yield spread as a leading indicator for aggregate output is that it may be serving a s a current indicator of the direction o f t h e eect of monetary policy on the aggregate economy. T h is is the view of, for example, Laurent (1988) . The argument i n f a vour o f t h e h ypothesis holds t h at the central bank exerts a considerable amount of control over short-term rates, but is only capable of inuencing long-term r ates insofar as it can inuence ination expectations. 2 As a result, a tightening of monetary policy results in higher short-term rates, causing the gap between short and long rates to narrow. As mentioned above, authors s u ch a s E s trella and Hardouvelis (1991) nd that the yield spread leads output growth by about eighteen months, which i s c o n sistent with the eectiveness lag of monetary policy implied by the interest rate channel of the monetary policy transmission mechanism. Blinder (1996), for example, notes that the time lapse occurring between a monetary policy action and changes to actual output is roughly in the range of one and a half to two y ears.
The y i eld s p read has advantages over the use of changes in a s hort rate alone, since the eects of external shocks can be dampened, leading to a better indicator of deliberate policy actions. F or example, the oil shocks of 1973 and 1979 aected the y i elds of U . S . securities at all maturities, represented by a n u p ward shift of the e n tire yield curve. Although the spreads between long a n d s hort rates widened, the eects of the shocks on the spread were mild relative t o c hanges in the federal funds rate alone. If therefore t h e m onetary authority has signicant inuence in the determination of short-term rates through the control of bank reserves, and little control over long-term rates, then the s pread should be a good indicator of policy; the collection of papers b y the central bankers of several industrial countries in BIS (1995) suggests that such a pattern of control over interest rates does indeed hold for most of the G-7 countries. A notable exception is Japan w h ere, as Tatewaki (1991) notes, nancial markets were heavily regulated until the early 1980's; as a consequence some i n terest rates, such a s those on long-term government b o n ds, did not adequately reect marked conditions. Only after banks were allowed to engage in the dealing of long-term bonds i n 1 984 did the secondary m arket expand rapidly. T h us we m ay expect the yield spread to be a poor i n dicator of J apanese monetary policy before about 1984. With this possible exception, another desirable feature of the s pread is the ease with which comparable indicators of monetary policy can be constructed across countries.
For all of these r easons, t h e s pread is a useful and i nteresting i n dicator. We n ow consider whether, in parallel with the literatures involving other measured aspects of the monetary t r ansmission process, w e can detect asymmetry i n the eects of this variable. We also c o nsider threshold tests on the s hort-term i n terest rate, for comparison. T o t h e extent that there is s uch e v i d ence, we look for the diminished eectiveness a t s trongly expansionary v alues which has been detected in measures of money supply shocks, particularly in the U.S.
Data and m od els
For each country we a s semb l e a d ata set containing t i me series of real output (gross domestic product), real government expenditure, short-and long-term i n terest r ates. P r ecise variable denitions and data sources are described in the Appendix. All series except interest rates are transformed to logarithms. In order to construct a consistent German data series, w e u s e d a ta applying to the p r e-unication borders of West Germany t h rough 1994, the last y ear for w h ich w e c o uld obtain data reported on this basis.
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The yield spread is simply the dierence between the long-and short-term i n terest rates at a n y point i n time. However, because GDP data are only available at quarterly frequency, w e m ust construct a quarterly s p read variable from higher-frequency interest rate data. As well, GDP measurements reect developments over the entire quarter rather than purely at a point i n time; we t h erefore use a quarterly average for the spread rather than a point-in-time v alue. To capture d ynamics in the eect of the spread, we a l so consider several moving averages of the quarterly spread in dening t h e monetary i n dicator, ! t ; used in the tests below. The current q u arterly-average spread is dened to be the mean of the present month's spread and t wo m o nthly lags; the previous q u arter's spread is the m ean of the monthly spreads i n m onths three to ve p r eceding the last month of the current quarter, a n d s o o n .
The tests used in Section 4 require s tationary regressors. For each of the seven countries, therefore, we begin by specifying a model of the changes in the logarithm of real output. The models a r e derived from the general form
(1) where y t is the logarithm of real GDP, g t is the logarithm of real government expenditure, and ! t0i is a function of the s pread to be dened below. Some of the models also incorporate a change in the short-term i n terest rate in addition to, or in place of, !:
6 (1) for each of the seven countries. These models reect separate specication searches to select lag lengths for each country, and a base-case denition of ! t01 a s a t h ree-quartermoving a verage of the quarterly spread dened above. The dating o f this variable at t01 reects the fact that the current-quarter spread is not incorporated into any d enition of the spread variable u s ed below, consistent with its possible use as a leading indicator.
These estimated representations are the context within which testing for a threshold eect will take p l ace. 
Models based on (1) will then be estimated which include as regressors n ot only the original spread variable ! t01 but also the threshold variable e ! t01 ; with a coecient t h at we will call : If the yield spread variable has a linear eect on output, then = 0 : Again, a n alogous tests will also b e c a r ried out on the change in the s h ort rate, for comparison. The a im of this section is to carry o u t tests for asymmetry, or statistical signicance of the threshold variable e ! t01 ; without specifying a p riori the value of the threshold. Doing so oers two potential advantages. First, the process of searching acro s s a s et of threshold values oers the best chance of nding any t h reshold eect which does exist: we can compute the point a round which a n y asymmetry i s m aximized. Most existing tests take zero as the t h reshold; it is possible, however, that a distinction will be more readily 8 apparent b e t ween values above a n d below some other point. Of course, such a p r ocedure invalidates standard i nference. Fortunately, there a r e tests whose d istributions can be computed given a threshold value chosen, in eect, to maximize the likelihood function of the model. Standard tests, by contrast, treat the value o f t h e threshold parameter as known. It is of course true that a standard t e s t ( e . g., a t-test) of the n ull of symmetry, treating the value of the threshold parameter as known, i s v alid when that value is selected independently o f t h e data. However, o n e m ight doubt that such i n dependent s elections c o uld be made in data sets as widely explored as those involving output and m onetary variables in major industrial countries. A second advantage of the t ype of test used here is that, by allowing explicitly for maximization of the likelihoodover the threshold parameter, we deal with the implied potential for pre-test b i as. This problem can imply a large departure f r om the n ominal distribution; see Galbraith (1996) for a simulation example.
The test procedure that we u se, which e x p licitly accounts for the fact that the threshold parameter is not identied under the null hypothesis, is that of Hansen (1996) . Hansen's procedure allows us t o s i m ulate the limiting distribution of supremum statistics which emerge from maximization over the values of the threshold parameter. From the simulation results, the asymptotic distribution can be estimated, and p -values obtained. Simulations in Hansen (1996) s u ggest goodsize and power performance of the tests based on either the supremum o r t h e a verage of LM and Wald statistics. Here w e report the maximum o f t h e sequence of LM statistics. The threshold parameter is allowed to take, in turn, each v alue in the sample range of the spread variable; following Andrews (1993) , this set of values is then trimmed by 15% of the sample at each end before c o mputing t h e sup(LM) statistic. The p-values from the asymptotic distributions are then obtained from 1000 replications 9 of the simulation procedure. As in any test based on a regression model, the results will depend to some extent o n the specication of that model, the p urpose of which i s t o c o ntrol a d equately for eects other than those o f t h e v ariable of interest. In order to examine the r obustness of results to small changes in the model, we consider a set of possible specications and associated test statistics, in the next sub-section. 4 .2. Model specication a n d s ensitivity a n alysis Table 2 gives asymptotic p-values, corresponding to the null of no threshold eect, for each o f t h e seven countries and for four possible specications of the threshold variable, and four o t h er model specications. Using the model type given in (1) above, Cases A through C correspond to the specication
where q = 2 ; 3;4 r espectively. C a se D does not use an average of this type, but instead takes a single quarterly l ag of the spread, d ening ! t0i = s t0i : The particular lag is chosen to maximize the likelihood function. The estimated models d escribed in Table 1 embody the Case B d enition, and apart from the varying denition of ! t01 ; the results in Cases A{D of Table 2 results all use the models given in Table 1 . In performing this sensitivity analysis with respect to functions of the spread, our aim is to conserve t e s t p o wer by concentrating the p r edictive content i n a s i ngle variable, and also to avoid d ependence on a p articular weighting of lagged spreads in computing test statistics. Table 2 also explores sensitivity to specication of the test regression. In the second block o f t h e t a b le, the Case B s pecication of the s pread v ariable i s used in the following sets of models: Case E, a model in which all terms in g are omitted, leaving only dynamics 10 in the dependent v ariable and t h e s p read variable; Case F , l ike the base case B but with a lagged dierence of the short-term i n terest rate added; Case G, like the simpler model of Case E but with the lagged dierence of the short-term i n terest rate added; and Case H , in which the spread variable in the base case is o m itted and replaced with the short-rate variable (in contrast with Case F, in which the two i n terest-rate variables appear). In this last c a se, the threshold test is applied to the s h ort-rate variable instead of to the spread; in cases F and G, the test is applied to both interest rate variables. Results pertaining t o the short rate rather than to the s p read are shown separately i n t h e third b lock o f T able 2. There are several noteworthy points. F irst, at the conventional level of 0.05 or 5%, there is no statistically signicant evidence of threshold eects of the spread outside the U.S. and Canada; by contrast, the null of no asymmetry is soundly rejected in both of those countries. However, i t i s i mportant that, from Table 1, the U.S. a nd Canada a r e the two countries for which the eect of the spread variable i t s elf was most strongly signicant; the yield spread tended to be near the b o r derline of conventional signicance in four of the other ve countries. In the Japanese case, the yield s p read was statistically insignicant. Our inability to detect a departure from the linear eect may b e a t t r i butable to the weakness or absence of the eect of the yield spread in some of these countries, particularly Japan; recall the argument o f T atewaki (1991) described above.
There is little d ependence of these qualitative r esults on the specication of the spread variable or on the model specication. While s ome variation in the p-values does occur across models, qualitative r esults are virtually insensitive to these specication choices.
With respect to tests on the change in the short-term r ate in Case H, and as additional regressor i n C a s es F and G, the results are generally weaker in t h e U.S. a nd Canada, an outcome compatible with ndings cited above suggesting that the spread is the superior indicator. In Japan, by c o ntrast, results are much s tronger: o ne 1%-level rejection appears, and the other two p -values are n ear 10%. Such an outcome is consistent with the superior performance of the short-term r ate alone for Japan as an indicator of m onetary policy, because of the u nreliability of long-rate measures, as discussed above. In other countries there is, again, little evidence against the null of no asymmetry.
The r esult suggesting asymmetry in the U.S. i s c o nsistent with a good deal of previous literature concerning the impacts of money supply shocks in the U.S., a lthough the p r ocedure here oers the advantage of providing a test valid with data-based selection of the 12 point around which asymmetry i s o b served. In the U.S., the evidence points to asymmetry around a large positive v alue of the spread (around 195 basis points or 1.95 percentage points in the base case), but not around values near zero. That is, t h e linearity o f t h e eect of the yield spread on output, or on a p propriate forecasts of output, appears to break down for large ( s trongly expansionary) values of the spread. T h is is also consistent with the resultsonU.S. data from similar inferential procedures in Galbraith (1996) , where money supply measures were used in examining credit rationing models. In Canadian data as well, the optimal value of the threshold is estimated to be a large positive n umber (1.44 percentage points in the base case). 6 A s a f u rther aid to interpretation o f t h ese results, consider Figures 1 and 2 w h ich depict the asymmetric relationships b e t ween the yield spread and output g r owth for Canada and the U.S. respectively. These curves are constructed by s ubtracting the non-spread eects from the tted output growth values in the Case B model specication, using the o p timized value of the threshold. Note that the test procedure adopted above does not force the lines above and below t h e t h reshold to meet at a single point; hence the discontinuity a t t h e threshold.
Again, w e nd that these o ptimized values of the threshold lie at large p o s itive v alues for both Canada and the U.S. for both countries. If we accept that the yield spread captures the direction of monetary p o licy in some degree, then such v alues for the threshold w ould be associated with strongly expansionary m onetary episodes, s ince short term r a tes are f a r below long-term r ates. When the signicant threshold terms e ! t01 based on these v alues are incorporated into the models, w e can compare estimates of the augmented models 6 In Cases A{D of 
These results can be interpreted as follows. To t h e extent that the yield spread captures the impact of monetary policy on output growth, t h en this impact is substantial and statistically signicant. However, the additional impact obtained from a very large spread is small and of dubious statistical signicance: the below-threshold t e r ms e ! t01 are strongly signicant, but the additional eect proportional to spread with no threshold (! t01 ) is not statistically signicant in the U.S., and is borderline in Canada (at c o nventional levels).
If the s pread is simply viewed as a leading indicator, a higher spread always suggests higher output growth, b u t t h e p r oportionate impact of the spread is reduced for large spread values; additional declines in short-term rates relative t o l o ng-term rates have d iminished marginal impacts once the threshold level is crossed. To the extent that the link is viewed as causal because the spread represents monetary policy, t h e eect of strongly expansionary yield spreads is proportionately lower than that of more moderate values, but the marginal impact of more aggressively expansionary policy is nonetheless always positive. 7
Concluding remarks
The u se of some transformation of the s pread between long-term and short-term i nterest rates is s u ccessful in p r edicting changes in output in all G-7 countries except Japan. Other evidence has also suggestedthat such information generally p r ovides a good measure of the direction of monetary policy. H o wever, using this indicator on G-7 data produces little evidence of asymmetric eects of the yield spread outside the U.S. and Canada.
One legitimate interpretation of these resul t s i s t h at the non-rejections in m ost countries of the sample simply r eect lower test power, possibly because t h e spread is itself a weaker indicator of t h e impact of monetary p o licy than in the North American economies, leading to a reduced ability to detect relatively subtle features of the r elationship. On this interpretation, threshold asymmetry or other non-linearity w i ll eventually be reliably detectable as further sample information accumulates.
The other possibility is that t h ere are genuine dierences in the monetary transmission mechanisms of the G-7 countries with respect to the i m portance of a non-linearity o f t h i s type. If this is s o, it is interesting t o a s k w h y t h e U . S. and Canada appear to dier from other countries. It may b e t h at any d ierence lies in some u niqueness of the U.S., while the similarity of Canadian results follows from the i m portance of U.S. m onetary policy in constraining Canadian monetary policy; the v ery strong trade and i n vestment links between the t wo economies, and the sensitivity of Canada-US capital ows to the interest rate dierential, make this s uggestion plausible. An explanation for the U.S. result might lie in the world-currency role of the U.S. d ollar, 8 and in the relatively low degree of dependence on foreign trade of the U.S. economy. I n m any countries, monetary policy operates through both interest r a te and exchange rate channels; expansionary policy that 8 We t h ank J.-P. Aubry for suggesting this explanation. 15 lowers interest r ates also tends to cause a depreciation of the d omestic currency, thereby expanding domestic output. In the U.S., because of both the relatively low i mportance of trade, and the fact that many c o mmodities are priced in U.S. dollars, the exchange rate channel might assume less importance. It is possible that outside the U.S., exchange-rate eects can m i tigat e a d iminished eectiveness o f m o n etary policy through the interest-rate channel when spreads become v ery high (policy attempts to be very e x p ansionary); we may conjecture that this exchange-rate mechanism is of little importance in the U.S., s o that the diminished eectiveness at high spreads d oes appear through a threshold eect. We conclude that the evidence for asymmetry of eect of yield spreads on predicted output is strong in the U.S. and Canada, and weak outside, and that further research i s necessary in order to understand the reasons for such dierences as d o exist.
